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increasing	pressures	on	agricultural	 land	require	 increases	 in	their	functionality,	
such	as	supporting	multiple	ecosystem	services	concurrently.
2.	 The	plant	 species	 sown	 in	a	vegetative	 strip	 seed	mix	determine	 the	establish-





nal	 factors.	We	propose	 a	novel,	 evidence‐informed	method	of	multifunctional	
vegetative	strip	design	based	on	these	essential	traits	and	factors.
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1  | INTRODUC TION
Agricultural	 land	 use	 covers	 37.4%	 of	 global	 land	 area	 as	 of	 2015	
(FAO,	 2018).	 Farming	 it	 effectively	 for	 food	 production	 is	 vital	 for	
a	 globally	 expanding	 human	 population	 (Godfray	 et	 al.,	 2010;	 UN	
Population	Division,	2018).	Recent	research	has	shown	that	achieving	






et	 al.,	 2006;	 Brown	 &	 Paxton,	 2009;	 Carvell,	 Meek,	 Pywell,	 &	
























environment	 (Garnett	 &	 Godfray,	 2012).	 One	 mechanism	 of	 this	
would	 be	 to	 increase	 the	 functionality	 of	 off‐crop	 habitats,	 such	
as	vegetative	strips	 in	 field	margins,	 that	support	valuable	ecosys-
tem	 services	 within	 the	 farm,	 including	 water	 quality	 protection,	





flowers,	 they	 can	 provide	 shelter	 and	 food	 resources	 for	 natural	
enemies,	which	can	reduce	pest‐induced	crop	damage	and	increase	
yield	 to	 adjacent	 crops	 (Gurr,	Wratten,	&	Barbosa,	 2010;	 Tschumi	
et	 al.,	 2016).	 Also,	 vegetative	 strips	 sown	 along	 farmland	 water-
courses	 are	 a	 proven	method	of	water	 quality	 protection	 (Davies,	
1999;	Dorioz,	Wang,	Poulenard,	&	Trevisan,	2006;	Haukos,	Johnson,	
Smith,	&	McMurry,	2016;	Muscutt,	Harris,	Bailey,	&	Davies,	1993;	




They	 often	 have	 very	 low	 botanical	 diversity	 (Mayer,	 Reynolds,	












effective	 at	 removing	 nitrogen	 from	 soils.	 Consequently,	 there	 is	
scope	to	sustainably	increase	the	number	of	ecosystem	services	that	
vegetative	 strips	 support	 while	 still	 provisioning	 for	 wildlife.	 This	
could	 aid	 food	production	 in	 the	 face	of	mounting	 restrictions	on	
land	availability	and	pressures	on	landowners	and	wildlife	(Hackett	
&	Lawrence,	2014;	Stutter,	Chardon,	&	Kronvang,	2012).
















Centre	 for	 Ecology	&	Hydrology,	 2018),	 but	 so	 far,	 none	 exist	 for	
selecting	plant	species	for	multifunctional	vegetative	strips.
K E Y W O R D S
biological	control,	ecosystem	services,	environmental	factors,	field	margin,	plant	
characteristics,	plant	traits,	pollination,	water	quality	protection
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Plant	functional	traits	and	their	uses	in	determining	species	per-
formance,	 in	 predicting	 changes	 in	 community	 compositions	 and	
their	effect	on	ecosystem	functioning,	are	increasingly	being	inves-







parasitoids	were	 attracted	 to	plants	with	 a	higher	 nectar	 content,	
Kudo,	 Ishii,	Hirabayashi,	and	Ida	 (2007)	showed	that	a	 larger	floral	














Hunt,	 2007;	Baude	 et	 al.,	 2016;	Biological	 Records	Centre,	 2018),	
providing	 an	 extensive	 evidence	 base	 for	 plant	 species	 selection.	
There	are	also	reviewing	methods,	such	as	systematic	mapping,	that	




tiple	 ecosystem	 services,	 we	 propose	 a	 novel,	 evidence‐informed	
method	 which	 utilizes	 plant	 traits	 and	 key	 establishment	 factors,	




2  | MATERIAL S AND METHODS
This	study	was	undertaken	in	three	distinct	stages.	The	first	stage	
identified	 plant	 traits	 that	 support	 water	 quality	 protection,	 pol-
linators,	 and/or	crop	pest	natural	enemies,	using	existing	 research	
evidence.	The	second	stage	identified	internal	(concerning	the	plant	
itself)	 and	external	 (concerning	 the	environment)	 factors	 essential	
for	plant	community	establishment	and	persistence	within	a	vegeta-




2.1 | Stage One: The identification of plant traits 
that support the target ecosystem services
We	 used	 a	 standardized,	 systematic	 reviewing	 method	 to	 collate	
existing	research	on	plant	traits	that	support	the	target	ecosystem	
services.	A	systematic	map	approach	was	used	as	it	is	a	transparent,	
repeatable,	 structured,	 and	 unbiased	 method	 to	 collate	 evidence	











Each	 article	 was	 categorized	 using	 a	 combination	 of	 generic	
(e.g.,	country	of	study,	publication	date,	authors)	and	topic	specific	
(e.g.,	plant	 trait,	 target	organism,	and	ecosystem	service	provided)	
keywords.	Only	 findings	 from	 studies	 that	met	 predefined	 critical	




extracted	 from	 the	map	 to	make	 cross‐comparisons	 between	 the	
findings	to	build	a	robust	evidence	base	for	plant	species	selection.
2.2 | Stage Two: Identification internal and external 
factors that aid in establishment and persistence of 
plant communities




soil	 type	 in	which	 the	 seed	mix	 is	 sown	or	 the	associated	 floristic	
diversity	of	other	establishing	species	in	the	vegetative	strip.	Plant	
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table	of	initial	criterion	that	each	plant	species	should	pass	through	
before	they	are	considered	for	inclusion	in	a	seed	mix.















and	 support	 for	 pollinators	 and	 natural	 enemies)	 according	 to	 the	
F I G U R E  1  Plant	traits	and	related	ecosystem	services	investigated	in	the	literature.	(Data	adapted	from	Cresswell	et	al.	(2018)
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TA B L E  1  Data	extracted	from	the	systematic	map	showing	the	important	aspects	for	the	chosen	plant	traits	and	the	corresponding	
references.	The	full	references	can	be	found	in	Supporting	information	Appendix	S2

















Larger Bombus hypocrita	subsp.	Sapproensis Increased	
attractiveness
Kudo	et	al.	(2007)
Larger Pollinators Attracted	more Ohashi	&	Yahara	(2004)
Larger Andrena	spp.,	Anthophora acervorum, Apis 
mellifera, Bombus impatiens, Bombus 


















Blue Philoliche aethiopica Preference	shown Jersáková	et	al.	(2012)





Melipona mondury Preference	shown Koethe	et	al.	(2016)
Bee‐green Melipona quadrifasciata Preference	shown Koethe	et	al.	(2016)
Green Ants Preference	shown Reverte	et	al.	(2016)




Purple Bees Preference	shown Reverte	et	al.	(2016)
Red Pollinators Preference	shown Shang	et	al.	(2011)
Nectar	
content
Higher Aphidius ervi,	Bees	and	flies Preference	shown Ashman	et	al.	(2000);	Vollhardt	et	
al.	(2010)
Higher Apis mellifera, Andrena nigrihirta, Andrena 
tridens, Andrena carlini, Nomada perplexa, 
Xylocopa virginica virginica, Augochlora pura, 






Leaf	area Larger Soil	erosion Reduced	soil	erosion Burylo	et	al.	(2012b)
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traits	already	 identified.	Some	of	the	factors	from	stage	two	were	






3.1 | Stage One: Overview of the systematic map
From	a	total	of	11,705	from	the	initial	search,	56	articles	met	all	the	
relevant	criteria	to	be	included	for	data	extraction.	Data	extracted	
from	 the	 systematic	 map	 report	 (Cresswell	 et	 al.,	 2018),	 on	 the	
identified	 plant	 traits	 and	 their	 corresponding	 ecosystem	 service,	
are	shown	in	Figure	1.
Pollinator	 support	was	 the	most	 commonly	 studied	 ecosystem	
service	 and	many	 of	 the	 included	 articles	 investigated	 plant	 traits	
that	 focussed	 on	 different	 aspects	 of	 the	 floral	 display	 of	 a	 plant,	









TA B L E  2   Internal	and	external	factors	affecting	establishment,	their	desirable	aspect	for	a	multifunctional	vegetative	strip,	the	
justification	and	the	associated	reference.	Factors	highlighted	in	bold	determined	whether	a	plant	species	could	be	considered	for	inclusion	
within	the	seed	mix












































Plant trait Aspect of trait Target organism/system Outcome Reference
Leaf	
trichomes
More Pea	leaf	weevils Increased	abundance Chang	et	al.	(2004)
Percentage	
fine	roots
Higher Soil	erosion Reduced	soil	erosion Burylo	et	al.	(2012a)















TA B L E  1  (Continued)
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Plant trait/factor
Ranking parameter and suitability 
value Data source








































































Agrostis capillaris 5 1 3 2 11
Festuca pratensis 4 1 2 4 11
Phleum pratense 5 0 1 3 9
Dactylis glomerata 4 0 2 3 9
Alopecurus pratensis 4 0 2 3 9
Festuca rubra agg. 2 1 2 3 8
Festuca arundinacea 2 0 0 4 6
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identified	that	a	larger	display	was	preferred	by	the	test	species	of	
pollinator	(Table	1).
3.2 | Stage Two: Identified internal and external 
factors affecting plant community establishment and 
persistence
Information	 gathered	 on	 internal	 and	 external	 factors	 that	 were	
identified	to	affect	the	establishment	and	persistence	of	a	multifunc-
tional	 vegetative	 strip	 is	 shown	 in	 Table	 2.	 Life	 history,	 Status,	 and	
Distribution	formed	the	initial	criterion	that	a	plant	species	would	be	
required	to	pass	before	being	considered	for	inclusion	in	the	seed	mix.
3.3 | Stage three: United Kingdom plant species 
case study, the ranking system and the results of the 
application






leaf	 surface	 area,	 a	 less	 competitive	 established	 strategy,	 a	 lower	





















density Leaf area Root system Leaf phenology Soil type Total
Trifolium pratense 1 1 1 0 1 5 9
Trifolium repens 1 0 1 1 1 5 9
Centaurea nigra 1 1 1 0 0 5 8
Taraxacum officinale agg. 1 0 1 0 1 5 8
Stachys sylvatica 1 1 1 0 0 5 8
Leucanthemum vulgare 1 0 0 1 1 5 8
Prunella vulgaris 0 1 1 ? 1 5 8
Lotus corniculatus 1 0 1 0 0 5 7
Daucus carota 0 0 1 0 1 5 7
Achillea millefolium 0 0 1 0 1 5 7
Galium verum 0 1 0 ? 1 5 7
Ranunculus acris 1 0 0 0 0 5 6
Silene dioica 1 0 0 0 0 5 6
Veronica chamaedrys 1 1 1 1 1 0 5
Hypochaeris radicata 1 1 0 1 1 0 4
Primula vulgaris 1 1 1 ? 1 0 4
Heracleum sphondylium 1 1 0 0 0 0 2
Vicia cracca 0 1 1 0 0 0 2
Potentilla erecta 1 ? 0 1 0 0 2
Scrophularia nodosa ? 0 1 0 0 0 1
Knautia arvensis 1 0 0 0 0 0 1
Malva moschata ? 0 0 0 1 0 1
Potentilla anserina 1 0 0 0 0 0 1
Geranium pratense 1 0 0 0 0 0 1
Note.	“?”	denotes	where	data	were	not	available	on	the	plant	trait	for	a	specific	plant	species.








The	 knowledge	 gaps	 identified	 by	 the	 systematic	 map	 emphasize	
a	 need	 for	 additional	 research	 to	 be	 undertaken	 in	 these	 areas.	





For	 some	of	 the	plant	 traits	 identified	 in	Stage	One,	 the	 infor-
mation	relating	to	their	presence	or	absence	in	individual	UK	plant	
species	was	unavailable.	For	example,	 the	 research	 identified	spe-




UK	 plant	 species	 (Supporting	 information	 Appendix	 S1).	 In	 other	





to	 record	measurements	of	 specific	plant	 trait	parameters	such	as	
maximum	and	minimum	size	of	floral	display.




























and	grasses	are	 sown	 instead	of	 a	grass	only	mix,	 and	 the	 factors	
influencing	establishment	of	the	desired	community	are	controlled,	
then	diversity	will	naturally	increase	none	the	less.




specific	 service.	 Further,	 systematic	 mapping	 of	 plant	 traits	 that	























the	desirable	plant	community	 is	achieved	and	sustained,	 then	 this	
method	of	vegetative	strip	design	could	be	a	proven,	useful	tool	that	
could	 inform	 agricultural	 environmental	 policies.	 For	 example,	 the	
European	Common	Agricultural	 Policy	does	not	 currently	 stipulate	
that	vegetative	strips,	along	farmland	watercourses,	need	to	be	sown	
with	anything	but	a	standard	grass	seed	mix	(European	Commission,	
2018).	 If	 payments	 to	 farmers	 could	 be	 offered	 as	 an	 incentive	 to	
sow	a	more	enhanced,	multifunctional	seed	mix	along	watercourses	
on	 their	 land,	 this	 could	 positively	 affect	 biodiversity	within	 farm-
land	while	 increasing	support	 for	 regulating	services	 to	 the	 farmer.	
Field	margins	need	to	become	multifunctional	due	to	restricted	land	
availability,	 increased	 food	 production	 requirements,	 and	 farmland	
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biodiversity	 declines.	 This	 novel	 method	 will	 allow	 landowners	 to	
increase	the	functionality	of	their	 field	margins	or	other	vegetative	




John	 Szczur—Expert	 advice	 on	 plant	 species	 for	 establishment	 on	
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